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ON purely speculative grounds it would seem that a treatment as aggressive as
painting ofthe mouse portio with a concentrated suspension of a rapidly effective
(von Euler and Skarzynski, 1942) and potent (Iball, 1939) carcinogenic compound
like 3,4-benzo(a)pyrene would very soon induce carcinoma in all the experimental
animals, but experimental investigation has shown that this is not the case.
Indeed, the results ofa pilot study indicate that, in the inbred strains ofmice used,
there are marked differences in the neoplastic response of this epithelium. This
observation applies to an even greater degree to other rodent species (Thiery,
1963a).
The literature fails to supply the data required for comparison ofthe degree of
susceptibility of the cervico-vaginal epithelium of various rodent species to
benzo(a)pyrene. The authors who report having induced carcinoma ofthe uterine
cervix in the mouse by chemical means, used widely differing carcinogenic sub-
stances and applied them by even more dissimilar techniques. Mutual comparison
oftheir results therefore is futile. Authors who report on painting experiments of
the mouse cervix with benzo(a)pyrene used almost exclusively C3H-mice (von
Haam andScarpelli, 1955; Koprowska et al., 1958). Onlyvon Haam andAlberty
(1960) have compared several mouse strains in this respect, but to the best of our
knowledge their study has not been published. Using endocervical insertion of
methyleholanthrene-impregnated threads, they found differences in susceptibility
of the cervico-vaginal epithelium in C3H, BDF-1, Swiss, DBA, and A mice.
Workingindependently ofthese authors and using a different technique, we arrived
at analogous conclusions (Thiery, 1963a).
Fusco (1932) induced a single squamous cell carcinoma by painting the vaginal
walls ofrats with coal tar. Onlytwo groups ofauthors have used pure carcinogens
in experiments with this species. They used a thread technique (Vellios and
Griffin, 1957) or painted the portio (Glucksmann, 1956; Glucksmann and Cherry,
1958; Cherry and Glucksmann, 1960) with dimethylbenzanthracene (DMBA).
The first group succeeded in inducing squamous cell carcinoma of the portio,
vagina, and vulva.
Wachtel (1956) attempted unsuccessfully to provoke carcinoma in the hamster
by painting the uterine cervix with methylcholanthrene. Using benzo(a)pyrene,
we were able to provoke squamous cell carcinoma ofthe vagina and portio in this
species (Thiery, 1963a, b).
We have been unable to find any data in the literature concerning the chemical
inducement ofcervico-vaginal tumours in theguinea-pig or in Mastomys natalensis.BENZO(A)PYRENE AND CERVICO-VAGINAL EPITHELIUM
The need for comparable data has led us to make further investigations into the
difference in neoplastic response of the cervico-vaginal squamous epithelium to
benzo(a)pyrene. To enable semi-quantitative analysis ofour results, the methods
used were standardized as strictly as possible.
MATERIALS AND METHODS
Twelve different strains of inbred mice" were studied. All the animals were
2- to 22-month-old virgins. The rats, guinea-pigs, Syrian hamsters, and Mastomys
natalensis were of course hybrids. Numbers of animals treated, strains, and sub-
strains are listed in Table I. Housed under standard conditions, the animals were
fed a commercial pelleted diet with water ad libitum. Twice weekly the portio of
TABLE I.-Species and Strains Usedfor the Induction ofCervico-vaginal Carcinoma
Species
Mouse (Mus mu8culus)
Strain Substrain Number Origin
C3H . N . 451 . Nat. Inst. ofHealth,
Bethesda, Md., USA
A . Jax . 9 . Jackson Memorial
Laboratory, Bar Harbor,
Maine, USA
0-20 A 12 . Antoni Van Leewenhoekhuis,
Amsterdam, The Nether-
lands
N TNO . 25 . CentraalProefdierenbedrijf,
T.N.O., Austerlitz,
The Netherlands
R
K
Q
Mo
S
AKR
H
WLL
TNO
TNO
TNO
TNO
A
. A*
TNO
At
Rat (Rattus
norwegicus, var. alba)
Syrian Hamster
(Mesocricetus auratus)
Guinea-pig (Cavia cobaya)
Mastomy8 natalen8i8
25
23
26
25
38 Antoni Van Leeuwenhoek-
huis, Amsterdam,
The Netherlands
12 . ,
25 Centraal Proefdierenbedrijf,
T.N.O., Austerlitz,
The Netherlands
12 . AntoniVanLeeuwenhoek-
huis, Amsterdam,
The Netherlands
11 . Centraal Proefdierenbedrijf,
T.N.O., Austerlitz,
The Netherlands
12
6 ,,
15 . Station d'Acclimatation et
d'Elevage, Bouille-Saint
Paul, France
* This substrain no longer shows leukaemia in the 20th inbred generation.
t The milk factor is absent in this substrain; in contrast to the strain with the milk factor, the
incidence of mammary carcinoma is very low here.
t Abbreviations used for inbred strains of mice and their substrains are as recommended by the
Commission on Inbred Strain Nomenclature (Carter et al., 1952). Because the Centraal Proefdieren-
bedrijf (T.N.O., Austerlitz, the Netherlands) is not included in the list, we have used the symbol
TNO for animals obtained from this Institute.
419M. THIERY AND M. VAN GIJSEGEM
the animals was examined through an otoscope with a built-in light source
(National Electric Instrument Co., Ltd.) and painted with a 1 % suspension of
3,4-benzo(a)pyrene in acetone. As sooil as a tumour could be detected by the eye
or a mass palpated through the abdominal wall, the animal was killed and a
complete post-mortem examination performed. The genital tracts as well as
any organ showing gross pathology were removed for study. Tissues were fixed
in formaldehyde and processed in the usual manner. All tissues were stained with
haematoxylin and eosin.
RESULTS
Multiple epithelial lesions were found in close proximity to each other in the
genital tracts of the treated animals. We suppose that the chemical canceration
ofthe squamous epithelium covering the vaginal walls, the portio, and the cervical
canal of the mouse may be viewed as a chain reaction (Thiery, 1963a). The
earliest epithelial lesion takes the form of hyperkeratosis, and may depend upon
the so-called oestro-mimetic action of 3,4-benzo(a)pyrene (Thiery, 1963a). This
type of epithelial pathology is followed successively by dysplasias of increasing
intensity, in situ carcinoma, incipient carcinoma characterized by early stromal
invasion and, finally, squamous cell carcinoma. For each experimental animal
only the most advanced epithelial lesion is recorded here. The incidence of
cervico-vaginal squamous cell carcinoma induced in the mouse is given in Table II.
The overall incidence of cervico-vaginal tumours induced in the mouse as well as
in the other rodents is listed in Table III.
TABLE II.-Incidence ofCervico-vaginal Squamous Cell Carcinoma Induced in Mice
by Painting the Cervix with Benzo(a)pyrene
Number of
animals* Number of
cervico-vaginal Number of
Strain A B tumourst paintings
C3H . 451 379 . 376 . 40
A . 9 7 . 7 23-40
0-20 12 10 10 . 38-77
N . 25 23 23 . 31-100
R . 25 25 . 25 . 39-91
K 23 23 . 21 . 35-43
Q . 26 24 . 20 . 37-85
Mo . 25 19 . 14 . 36-46
S . 38 31 . 18 . 55-77
AKR . 12 10 5 . 67-78
H . 25 19 . 3 . 64-92
WLL . 12 10 . 1 . 63
* A: painted; B: used for the histo-anatomical study.
t Including incipient squamous cell carcinoma.
The Mouse
C3H-strain.-Of 451 painted C3H mice, 379 were suitable for histoanatomical
study.
The histogram (Fig. 1) shows the correlation between the most advanced
epithelial lesion and the time factor (number ofpaintings, henceforth abbreviated
as p). The time is given in intervals of 5 p or 2-5 weeks.
Hyperkeratosis, as the most advanced epithelial change in the genital tract
under study, is found in the interval of 1-10 p (Fig. 1). Dysplasia makes its
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TABLE III.-Overall Incidence of Cervico-vaginal Tumours Induced in Laboratory
Rodents by Painting the Cervix with Benzo(a)pyrene
Number of
Number of cervico-vaginal Number of
animals squamous cell cervico-vaginal
Species necropsied carcinomas* sarcomas
Mouse . . 580 523 . 3
Rat 10 . 0 2
Hamster. 10 9 . 0
Guinea-pig 4 0 . 0
Mastomys 10 5 2
* Including incipient squamous cell carcinoma.
appearance equally soon after the initiation of treatment (Fig. 1), but in contrast
to hyperkeratosis remains present over a long period. The incidence of this
epithelial lesion increases with the number of paintings, reaches a maximum, and
decreases rapidly thereafter. This can be clearly seen from the histogram (Fig. 2)
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FIG. 1.-Histogram showing the incidence of the various lesions induced in the cervico-vaginal
squamous epithelium of the C3H mouse. Time in number of paintings.
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FIG. 2. Histogram showing the relative incidence ofdysplasia induced in the cervico-vaginal epithel-
ium of the C3H mouse. Time in number of paintings.
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showing the relative incidence of dysplastic epithelium for the various time
intervals: the incidence of dysplasia increases following the first treatment,
amounts to almost 100 % after 10-15 p, drops rapidly between 16 and 25 p, and is
quite rare after 26 p. Intra-epithelial carcinoma was seen very early (5-10 p)
several times. The incidence of in situ carcinoma as the most highly developed
epitheliallesionwas about 25 % between 15 and30p(Fig. 3). Theearliest squamous
cell carcinoma was found in C3H mice after 15-20 p (Fig. 4). The incidence of
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FIG. 3.-Histogram showing the relative incidence ofin 8itu carcinoma induced in the cervico-vagina
epithelium ofthe C3H mouse. Time in number ofpaintings.
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FIG. 4.-Histogram showing the relative incidence ofcervico-vaginal squamous cell carcinoma induced
in the C3H mouse. Time in number of paintings.
such tumours increases rapidly up to 35-40 p, where the relative frequency
amounts to practically 100 %. All the chemically-provoked carcinomas were of
the squamous cell type, mostly highly differentiated; 18% were mucoepidermoid
carcinomas. In 6 % of the mice cervico-vaginal carcinoma showed metastasis,
either in the lungs (11 times) or in the ovary (once). The regionallymph nodes of
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all tumour-bearing mice were examined in serial sections. Metastasis was found
in 18 %, with the following localizations: Lnn. lumbales (14 times), Lnn. lumbales
and sacrales (7 times), Lnn. lumbales and inguinalis superficialis (once), Ln.
inguinalis superficialis (once), and Ln. sacralis (once).
The following coincidental lesions were found: cystoma ovarii simplex (once);
serous cyst of the tube (once); teratoma ovarii solidum (twice); mucometra
(2 %); pyometra (6 %); pyosalpinx (1 %); abscesses in the primary tumour
(15 %); purulent peritonitis (2 %); adhesions between internal genitalia and
abdominal walls (9 %); liver abscesses (2 %); and lung abscesses (7 %). The
incidence of mammary adenocarcinoma is 3 %. Splenomegaly is very frequent
in tumour-bearing animals.
A-strain.-Nine animals were painted, of which 7 were suitable for histo-
anatomical investigation.
All the animals (7/7) developed squamous cell carcinoma following 23-40 p.
Coincidental pathology: mammary adenocarcinoma (once).
0-20-strain.-Twelve animals were included in the study and 10 were autopsied
and histologically studied.
All (10/10) showed squamous cell carcinoma after 38-77 p.
Coincidental lesions: adenocarcinoma mammae (twice).
N-strain.-Twenty-five animals were painted, 23 were suitable.
Epithelial lesions: squamous cell carcinoma (22 times after 31-91 p); car-
cinoma incipiens (once after 100 p). Four ofthe 22 tumours were mucoepidermoid
carcinomas.
Coincidental lesions: pulmonary adenoma (3 times after 50-58 p); mucometra
(once after 58 p) in a mouse with a large cervico-vaginal carcinoma; cystoma
ovarii simplex (once).
R-strain.-Twenty-five animals were painted; all were suitable for histo-
anatomical study.
Squamous cell carcinoma was induced (39-91 p) in all the mice; one of these
(1/25) was a mucoepidermoid carcinoma.
Coincidental lesions: mucometra (twice after 75-76 p in mice with large
tumours); pyometra (twice after 72 and 80 p); bilateral hydronephrosis (twice
after 41 and 75 p) ; ovarian abscess (once after 91 p).
K-strain.-Twenty-three animals were painted; all were suitable for study.
Epithelial lesions: squamous cell carcinoma (20 times after 35-43 p), of which
5 (5/20) were mucoepidermoid carcinomas; carcinoma incipiens (once after 40 p),
and dysplasia (twice after 43 p). In one mouse with mucoepidermoid carcinoma,
metastatic deposits were found inbothlungs, but no mucus cells could be identified.
Q-strain.-Twenty-six animals were included in the experiment, 24 of which
were suitable for study.
Epithelial lesions: squamous cell carcinoma (18 times after 37-85 p); car-
cinoma incipiens (twice after 54 p); in situ carcinoma (once after 100 p); and
dysplasia (3 times after 42-54 p).
Coincidental lesions: adenocarcinoma mammae (5 times after 42-91 p);
bilateral hydronephrosis (once) in an animalwith an enormous cervical tumour and
parametrial invasion extending to the pelvic walls; multiple liver abscesses
(once); pulmonary adenoma (once after 54 p); and hydrosalpinx (once).
Mo-strain.-Twenty-five animals were painted; 19 were suitable. The sur-
viving animals had to be killed after 46 p because of an infection in our colony.
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Epithelial lesions: squamous cell carcinoma (12 times after 36-46 p), 2 of
which were mucoepidermoid carcinomas; carcinoma incipiens (twice after 40 p);
in situ carcinoma (3 times after 43-46 p); and dysplasia (twice after 11 and 44 p).
One squamous cell carcinoma gave rise to metastasis in the lumbar lymph nodes.
Coincident pathology: multiple abscesses of the wall of the small intestine
(twice after 46 p).
S-strain.-Of 38 treated animals, 31 were suitable for study.
Epithelial lesions: squamous cell carcinoma (16 times after 55-68 p), ofwhich
5weremucoepidermoid carcinomas; carcinomaincipiens (twice after 68 and 77 p);
in situ carcinoma (once after 77 p); and dysplasia (8 times after 12-77 p). In 3
animals the epithelium was normal after 6-47 p; 1 showed necrosis after 7 p.
In 2 mice, in addition to a squamous cell carcinoma, a sarcoma of the vaginal wall
and portio (2/16) was found.
AKR-strain.-Twelve animals were painted and 10 used in the investigation.
Epithelial lesions: squamous cell carcinoma (3 times after 67-78 p); carcinoma
incipiens (twice after 78 p); dysplasia (5 times after 78 p).
Coincidental lesions: adenoma of the lung (4 times after 67-78 p).
H-strain.-Twenty-five animals were painted; 19 of them were suitable for
the investigation. All surviving mice were killed after 94 p.
Epithelial lesions: squamous cell carcinoma (3 times after 64-92 p); dysplasia
(3 times after 85-94 p); hyperkeratosis (11 times after 85-94 p); atrophic (once
after 44 p) and necrotic (once after 94 p) epithelium; sarcoma ofthe vaginal wall
(once after 74 p).
Coincidental lesions: mucometra (once after 94 p) and pyometra (8 times
after 94 p). One mouse with hyperkeratotic cervico-vaginal epithelium (85 p)
showed multiple adenomas ofthe lung. In another animal with the same type of
epithelium (94 p) we found adenocarcinoma in addition to multiple adenomatous
foci. The liver showed multiple areas ofadenocarcinoma, probably metastases of
a primary lung tumour.
WLL-strain.-Of the 12 animals included in the study, 10 were suitable.
Epithelial lesions: mucoepidermoid carcinoma (once after 63 p); dysplasia
(7 times after 6-42 p); hyperkeratosis (twice after 6 and 9 p).
Coincidental lesions: cystoma ovarii simplex (once after 6 p).
The rat
Eleven 3-4-month-old virgins were painted, ofwhich 10 were suitable for study.
The surviving animals were killed after 173 p.
No cervico-vaginal squamous cell carcinoma was observed. After 105-173 p,
the genital squamous epithelium was usually atrophic (7/10); in 3 animals it
showed a normal appearance after 173 p. Two rats (125 and 144 p) showed a
sarcoma ofthe vaginal wall. These tumours, which measured 28 x 15 x 13 mm.
and 15 x 15 x 10 mm. respectively, had a necrotic surface partially covered with
atrophic squamous epithelium. The histological picture was ofsmall-cell, poorly-
differentiated sarcomas whose histogenesis could not be further clarified.
Coincidental lesions: lung abscess (7 times after 105-173 p) and broncho-
pneumonia (once after 125 p).
The hamster
Of 12 3-4-month-old virgin hamsters, 10 were suitable for the investigation.
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Epithelial lesions: squamous cell carcinoma (8 times after 46-52 p) 3 ofwhicl
were mucoepidermoid carcinomas; incipient squamous cell carcinoma (once
after 51 p); and in situ carcinoma (once after 52 p).
Coincidental lesions: cystoma ovarii simplex (once) and peritonitis (twice).
The cavia
Of 6 3-month-old guinea pigs, 2 died after 6 p; the remaining 4 were killed
after 63 p. The cervico-vaginal epithelium ofthese 4 animals showed only discrete
dysplasia.
Coincidental lesion: pyometra (once).
Mastomys natalensis
Fifteen animals were painted and 10 used in the study.
Epithelial lesions: squamous cell carcinoma of the portio and vagina (5 times
after 66-96 p), 2 of which were mucoepidermoid carcinomas, dysplasia (4 times
after 49-96 p) and normal epithelium in prooestrus (once after 96 p). Two
animals developed sarcoma of the vaginal wall; on one of them the cervico-
vaginal epithelium was dysplastic (81 p), the other also showed squamous cell
carcinoma of the portio (66 p).
Coincidental lesion: adenoma of the lung (once after 60 p).
DISCUSSION
A standardized method proved successful inprovoking squamous cell carcinoma
of the portio and/or vagina in almost all C3H mice in less than 20 weeks. The
results make it clear, however, that not all mouse strains are equally susceptible to
such carcinogenic influence. Ifthe effect ofcarcinogenesis is evaluated by its two
classic parameters (tumour yield and length of induction period), the cervico-
vaginal epithelium of 8 strains (C3H, A, 0-20, N, R, K, Q, and Mo) is found to be
highly sensitive to benzo(a)pyrene, that of2 strains (S and AKR) to be moderately
sensitive, and that of 2 other strains (H and WLL) to show little sensitivity
(Table II). No conclusions could be drawn concerning WLL mice, however,
because they had to be killed within too short a period.
The mouse thus shows distinct variations according to strain in the sensitivity
of the cervico-vaginal squamous epithelium to locally administered benzo(a)-
pyrene. We were able to demonstrate analogous differences in other rodents with
respect to the neoplastic response of this epithelium (Table III). In this sense,
with the method applied in this investigation, the genital squamous epithelium of
rats and guinea-pigs was found to be completely resistant and the hamsters to
react very rapidly. The latter finding is in agreement with the results obtained
by Chu, Herrold and Wood (1962). The contradictory results ofothers (Wachtel
1956) are probably to be ascribed to genetic differences among the hamsters used.
MastoMys natalensis, a rodent which occupies, phylogenetically, an intermediate
place between the mouse and the rat, reacts to benzo(a)pyrene partly as a mouse
(squamous cell carcinoma) and partly as a rat (sarcoma). Caviae show no sen-
sitivity to painting with benzo(a)pyrene. It is indeed known that the epidermis of
this species fails to react to locally-applied carcinogenic substances (benzo(a)-
pyrene: Oberling et al., 1936; methylcholanthrene: Silberstein and Silberstein,
425M. THIERY AND M. VAN GIJSEGEM
1947; DMBA: Berenblum, 1949) andthat spontaneous cervico-vaginal carcinoma
is unknown in it (Tamaschke, 1955).
All the cervico-vaginal epithelial tumours provoked by us in the mouse with
benzo(a)pyrene have been squamous cell carcinomas. A histological variant,
mucoepidermoid carcinoma, comprised 18 % of the total number of tumours
provoked in C3H mice. Mucoepidermoid carcinoma was also observed in 6 other
mouse strains (N, R, K, Mo, S, and WLL). The cumulative incidence (18/96)
agrees with that ofthe C3H mice. Although the histogenesis ofthis type oftumour
remains obscure, there are indications that sex steroids mayplayarole (Glucksmann
and Cherry, 1962). Rodents whose cervico-vaginal epithelium reacts to benzo(a)
pyrene (hamster and MastoMys) develop, like the mouse, mucoepidermoid car-
cinomas. The series studied in this investigation are too small, however, to permit
the drawing of conclusions concerning the relative frequency of this special type of
tumour.
Adenocarcinoma was not observed in the genital tracts of treated mice. The
obvious resistance of genital glandular epithelium to benzo(a)pyrene came some-
what as a surprise to us because we definitely know that benzo(a)pyrene is resorbed
from the cervix and acts as a weak oestrogenic compound on the cervico-vaginal
as well as on the uterine glandular epithelium.* It is suggested, therefore, that
the lack of susceptibility of glandular epithelium is a species characteristic in the
mouse because it has been described in extragenital sites also (endometrium:
Korteweg and Wijsenbeek, 1933; colon: Thomas, 1935, 1936).
Pan and Gardner (1948), who induced tumours of the mouse portio by inclusion
of a small crystal of methylcholanthrene in transplanted cervices, observed
adenocarcinoma and sarcoma in addition to squamous cell carcinoma. This result
may perhaps bear some relation to the technique employed.
Connective tissue tumours are only exceptionally induced in the mouse by
benzo(a)pyrene: the histo-anatomical study of 580 animals showed only 3 cases
of sarcoma. Furthermore, these tumours were limited to strains in which the
cervico-vaginal epithelium produced only a slight reaction to benzo(a)pyrene
(S and H). The localization of the sarcomas was cervico-vaginal in 2 cases and
vaginal in case. Two animals also developed squamous cell carcinoma of the
cervix. Our results are in agreement with the general impression obtained from
the literature that chemically-induced sarcoma of the vagina and/or cervix is
relatively rare in the mouse (Glucksmann and Cherry, 1962: 1/98; Murphy,
1961 : 22/479; Wachtel, 1961: 2/17) or even absent in series of appreciable size
(Scarpelli and.von Haam, 1957; von Haam and Scarpelli, 1955; Koprowska
et al., 1958; Bogacz and Koprowska, 1961; Reagan, Wentz and Machicao, 1955).
In the rat, a species which in our study was found to be resistant to benzo(a)-
pyrene, -vaginal sarcomas were not rare (2/10). The yield, although relatively
small, is nonetheless highly significant because spontaneous sarcoma of the female
genital tract is extremely rare in the rat (Tamaschke, 1955). The resistance of
the cervico-vaginal epithelium of the rat to benzo(a)pyrene is the more remarkable
because spontaneous squamous cell carcinoma with this localization has been
reported to be less infrequent than in the mouse (Bullock and Curtis, 1930).
* Four days after a single visual treatment of the portio of ovariectomized C3H mice with 1%
benzo(a)pyrene in acetone, the structure of the epithelium of the vagina and endometrium does not
differ from that found during spontaneous oestrus (Thiery, 1963a). This offers sufficient proof of the fact that the oestromrimetic action of benzo(a)pyrene is not limited to the squamous genital epithelium.
426BENZO(A)PYRENE AND CERVICO-VAGINAL EPITHELIUM
Indeed, this lack of neoplastic response of the cervico-vaginal epithelium to
benzo(a)pyrene corresponds to that ofthe epidermis (Glucksmann, 1945), although
it would not be correct to state that the epidermis of the rat is completely resistant
to local treatment with benzo(a)pyrene (Oberling and Guerin, 1947). The rat
epidermis is much more sensitive to DMBA (Berenblum, 1949), which may explain
why Glucksmann (1956) was able to induce carcinoma of the vulva with this
carcinogen. According to some authors (Vellios and Griffin, 1957), the vaginal
epithelium is sensitive to DMBA; according to others (Cherry and Glucksmann,
1960), only slightly so. It is interesting, however, that the sensitivity to DMBA
of both the vaginal epithelium and the vaginal connective tissue can be modified
by oophorectomy or the administration of sex steroids (Cherry and Glucksmann,
1960; Glucksmann and Cherry, 1958). In the mouse there is a distinct parallelism
between the sensitivity of the cervico-vaginal epithelium to benzo(a)pyrene and
the response of the epidermis (Glucksmann, 1945; Berenblum, 1945).
The sarcogenic effect of the chemical carcinogens seems in the rat to be a,
genetic species characteristic.* This tendency to sarcogenesis is also revealed
by the spontaneous tumours. Indeed, for spontaneous tumours in the rat the
ratio of sarcoma to carcinoma is high (2: 1) and in the mouse very low (1: 5)
(Tamaschke, 1955). It seems, therefore, as though in the former species the
connective tissue is particularly sensitive to exogenic and endogenic tumorigenic
noxa.
In the hamster we failed to induce sarcoma in the genital tract. None the less,
it is known that in this species sarcoma can be provoked without difficulty by
subcutaneous injection of benzo(a)pyrene (Gye and Foulds, 1939; Halberstaedter,
1940) or DMBA (Crabb, 1946). Two Mastomys (2/10) developed sarcoma of the
vaginalwall.
Lastly, a word about the coincidental pathological lesions. In painted mice,
infectious processes in and outside the genital tract (peritonitis; abscesses of the
liver, lung, and small intestine) are frequent, which is possibly to be ascribed to the
treatment. Splenomegaly is often found in animals with large cervical tumours.
The weight of the spleen of C3H mice which had been painted 30-38 times was
0-125 to 0-824 g., averaging 0-413 g.; that of the control animals of comparable
age was 0-177-0-411 g., averaging 0-240 g. This difference in weight between the
treated and untreated animals is highly significant (P<0 001). The explanation
ofsplenomegaly in animals with spontaneous and experimentally-induced cancer is
not evident (Hoepke, 1953, 1955), but it is known that hypertrophy ofthis organ
is also found in patients with carcinoma ofthe uterine cervix (Meigs, 1954).
Extrinsic pressure exerted by the tumour plays a role in the development of
hydro-ureteronephrosis, muco(pyo)metra, and muco(pyo)salpinx. The following
genital tumours were observed: cystoma ovarii simplex, serous cyst of the tube,
and teratoma ovarii solidum. The first two tumours were incidental findings, but
for the last-named an aetiological relationship with the carcinogen employed is
suspected (Thiery, 1963b). The following extragenital tumours were found:
mammary carcinoma and pulmonary tumours. In painted C3H mice the inci-
dence of breast cancer is low (3 %) but comparable with that ofthe control virgins
of the same age group (Boot and Muhlbock, 1956); thus, it may be concluded
that painting of the portio with benzo(a)pyrene has no influence on the incidence
* The rat is the most sensitive of all the common laboratory rodents to subcutaneous injection of
benzo(a)pyrene, to which it reacts by the formation of sarcomas (Berenblum, 1945, 1949).
427428 M. THIERY AND M. VAN GIJSEGEM
of mammary carcinoma in this strain. The probably-significant frequent
occurrence of mucoepidermoid carcinoma in mice with mammary carcinoma is
remarkable (041<P<0-05). Pulmonary adenoma was found in 4 mouse strains
(N, Q, AKR, H) with a cumulative incidence of 7 %. The highest incidence was
found in AKR mice (4/10). No tumours ofthis type were observed in C3H mice.
Spontaneous adenoma of the lung has been described for hybrid mice (2 to 5-7 %:
Lippincott etal., 1942; Wells, Slye andHolmes, 1941),butoccursalmostexclusively
in old animals. This tumour has never been found in untreated AKR mice
(Muhlbock, 1962, personal communication), so that benzo(a)pyrene may be res-
ponsible for its occurrence. One H mouse showed not only adenoma in the lung
but also adenocarcinoma; the latter tumour had in all probability metastasized
in the liver. The other rodent species showed no unusual coincidental pathologic
lesions. Adenoma of the lung was found only in Mastomy8 (1/10).
SUMMARY
In mice belonging to 12 different strains (C3H, A, 0-20, S, WLL, AKR, Q, N,
R, K, H, and Mo), rats, hamsters, guinea-pigs, and Ma8tomys natalensis, the
portio was visually painted twice a week with a suspension of 1% 3,4-benzo(a)-
pyrene in acetone.
Although squamous cell carcinoma ofthe portio and/or vagina was induced in
all the mouse strains, distinct strain differences in the neoplastic response of the
cervico-vaginal squamous epithelium to benzo(a)pyrene were observed.
The other rodents also showed pronounced differences according to species in
the response ofthe epithelium ofthe portio and vagina. Hamsters are extremely
sensitive to benzo(a)pyrene. The response of Mastomys natalensis is less con-
spicious; in rats and guinea-pigs epithelial carcinogenesis failed.
The induced cervico-vaginal tumours belonged to the squamous cell type. A
variant, mucoepidermoid carcinoma, is not infrequent in the mouse, hamster, and
Mastomys natalensis. Sarcoma of the vaginal walls and portio is rare in treated
mice. In Mastomys natalensis and in the rat the sarcogenic effect of 3,4-benzo(a)-
pyrene is more pronounced.
The following coincidental pathological lesions were observed: genital and
extra-genitalinfections, splenomegaly, cysts ofthe ovary and tube. Theincidence
of mammary carcinoma in painted C3H mice does not differ from that of the
controls. For the genesis of ovarian teratoma and pulmonary tumours, the
aetiological role ofbenzo(a)pyrene cannot be excluded. Adenoma ofthe lung was
seen in four mouse strains (N, Q, AKR, and H); its occurrence is possibly to be
ascribed to the influence ofthe carcinogen employed.
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